Twenty-four steers initially averaging 221 kg BW were used to evaluate the effects of lysocellin and calcium (Ca) level on performance and ruminal and plasma characteristics. Lysocellin at 0 or 22 m@g of diet and Ca at .3 or .6% were fed in a 2 x 2 factorial arrangement of treatments. Steers in individual pens had ad libitum access to a diet consisting of 80% corn silage and 20% @M basis) of a protein, mineral and vitamin supplement. Ruminal fluid and blood samples were collected on d42 and 85 of the 1 1 3 d trial. Steers fed the .6% Ca diet gained faster and required less fewunit of gain than those fed the .3% Ca diet (P c .05). There was a tendency for a lysocellin x Ca interaction for gain and feed efficiency (P c .lo). Lysocellin tended to depress performance when fed with .3% Ca, but it tended to improve gain and feed efficiency when fed with .6% Ca. Molar proportions of propionate were higher and those of acetate were lower (P < .Ol) for steers fed lysocellin. Ruminal-soluble Zn, Fe and Cu levels were higher (P < .01) in steers fed lysocellin. Ruminal-soluble Ca (P < .01) was higher and ruminal-soluble P and Na were lower (P c .01) in steers fed 5% Ca. Plasma K was higher (P c .OS) in steers fed .6% Ca but it was lower (P < .05) in steers fed lysocellin. Results of this study indicate that dietary Ca affects certain metabolic responses to lysocellin in growing cattle.
Introduction
Lysocellin is a carboxylic ionophore that increases gain and(or) decreases feed intake, resulting in improved feed conversion in beef cattle (Wolfrom and Baldwin, 1986; Cain, 1987; Harvey et d., 1988) . Ionophores form lipid-soluble complexes with cations and facilitate their transfer across biological membranes (Pressman, 1976) . Changes in transmembrane ion gradients could alter cell function because normal cell metabolism depends on the timely release and up take of ions (Elsasser, 1984) . Changes in mineral metabolism have been reported in a number of studies with monensin (Kirk et al., 1985; Greene et al., 1986) , lasalocid (Starnes et al., 1984) and, to a lesser extent, with lysocellin (Schncker and Spears, 1986; Harvey and Spears, 1987) . Lysocellin has a strong affinity for Na and K, as well as the divalent cations Ca and Mg (Painter and hessman, 1985) , and has been shown to alter plasma mineral concentrations (Harvey et al., 1988) as well as Ca absorption and retention .
Perhaps the dietary level of certain minerals may alter an ionophore's effect on animal performance or ionophores may alter the animal's requirement for certain minerals. Therefore, the present study was conducted to determine the effects of dietary Ca, lysocellin and the interac- 
'L = control vs lysocellin, C = .3 vs .6% Ca, I = lysocellin x Ca interaction.
*P e .05. **P < .01.
+P<.lO.
fluid were centrifuged at 16,500 x g for 30 min and the supernatant fluid was frozen for later determinaGon of VFA and ruminal-soluble minerals. Ruminal VFA were determined by gas liquid chromatograph? (Anonymous, 1975 and a 2 x 2 factorial mngement of treatments using the GLM procedure of SAS (1982) . The effects of lysocellin, Ca and the lysocellin x Ca interaction were examined. Treatment x replication served as the error term in all cases for testing treatment effects. Ruminal and plasma data were combined over sampling dates if the treatment x date interaction was not significant. Treatment x replication x date was used as the error term for testing the interaction of treatment x date.
Results end Discussion
Performance data are presented in Table 2 .
Lysocellin decreased DM intake over the first 21 d (P < .05) and decreased DM intake (P e .lo) and ADG (P < .01) over the last 28 d of the trial. However, lysocellin did not affezt total feed intake, total gain or feed conversion (P > .lo).
These results are inconsistent with other studies that have demonstrated performance improvements when lysocellin was fed with high-roughage diets. Harvey et al. (1988) reported a decrease in feed intake and an increase in feed efficiency from lysocellin addition to an 88% corn silage diet. However, improvements in performance with lysocellin were variable in two experiments in which chopped, fresh forage was fed (Spears et al., 1989 Feeding lysocellin has resulted in an increased molar proportion of propionate and decreased molar proportion of acetate in other trials (Harvey et al., 1988; Spears et al., 1989) . Total VFA concentration and the molar proportions of butyrate, isobutyrate, isovalerate and valerate were not affected (P > .lo) by lysocellin.
Results of previous trials showed that lysocellin decreased molar proportions of butyrate (Harvey and Spears, 1987; Harvey et al., 1988) . Previously, grazing steers fed lysocellin had higher molar proportions of isobutyrate and isovalerate (Harvey and Spears, 1987) .
Steers receiving .6% Ca had lower molar proportions of isobutyrate (P c .05) and acetate (P < .lo) on d 85. In contrast, Vamer and Woods (1972a) reported a higher molar proportion of acetate in steers fed .7 compared to hose fed .41% Ca with an 85% concentrate diet. Plasma urea N was not affected by treatment. Similarly, Harvey and Spears (1987) and Harvey et al. (1988) reported that lysocellin did not affect PUN.
Ruminal-soluble Cu, Fe and Zn (Table 4) all were increased (P c .Ol) by addition of lysocellin. These ruminal-soluble minerals consislently have been increased by lysocellin (Harvey and Spears, 1987; Harvey et d., 1988) . The concentration of these trace minerals in ruminal fluid is dependent on the diet concentration, the formation of insoluble complexes and their accumulation by bacteria (Durand and Kawashima, 1980) . Presumably, lysocellin inhibits the fonnation of insoluble complexes or affects their accumulation by bacteria. Although ruminal sulfide production was not measured, Spears (1987) suggested that increased ruminal-soluble Cu could result from the decreased ruminal production of sulfide from sulfur amino acids due to decreased ruminal protein degradation. Sulfide decreases Cu availability in ruminants (Suttle, 1974) . Lysocellin also tended to increase (P < .lo) ruminal-soluble P. Ruminal-soluble P has been increased by lysocellin in other trials feeding forage-based diets Harvey et al., 1988) . Ruminal-soluble Fe was decreased (P c .01) by .6% Ca. On d 42, there also was a tendency for a lysocellin x Ca interaction (P < .lo); lysocellin increased ruminal-soluble Fe more with the .3% Ca diets than with the .6% Ca diets.
Ruminal-soluble Zn was decreased by .6% Ca in steers fed lysocellin, whereas Ca level had no effect on ruminal-soluble Zn in steers not fed lysocellin, resulting in a tendency for a lysocellin x Ca interaction (P < .lo).
Ruminal-soluble Na, P (P c .Ol) and Zn (P c .lo) were decreased by the .6% Ca diets.
Yano and Kawashima (1 979) also reponed a decrease in ruminal fluid P with increasing dietary Ca level. Although ruminal pH was not measured, it may have been increased by Ca addition. A change in ruminal pH would affect the solubility of minerals. However, feeding .44 to 1.88% Ca to sheep did not affect ruminal pH 3 h postfeeding . Ruminal-soluble Ca was lower (P < .Ol) in animals fed .3% Ca and was not affected by lysocellin. This is in contrast to Spears et al.
(1987), who observed that lysocellin decreased ruminal-soluble Ca in steers fed fresh, chopped forage. Ruminal-soluble Mg and K were not affected (P > .lo) by treatment.
Plasma Ca (Table 5 ) was not affected (P > .lo)
by treatment. Plasma Ca is under homeostatic control and usually is inadequate as a measure of Ca status (NRC, 1984) . Plasma K was decreased (P <: .05) in the presence of lysocellin. Lysocellin decreased plasma K in another trial in which corn silage was fed (Harvey et al., 1988) , although Spears et al. (1987) reported an increase in K apparent retention when feeding lysocellin. Plasma K was increased (P < .05) by .6% Ca. proposed that K absorption was increased with increasing Ca level. Plasma Cu, Fe, Mg, p, Na and Zn were not affected by treatment.
On d 42 and in the presence of lysweuin, steers fed 6% Ca had increased plasma glucose ( there was no difference, this resulted in a Dowe, T. w., J. Matsushimaand v. H. Arthaud. 1957 . The hevious trials with ly&llin showed no effect on plasma glucose (Harvey and Spears, 1987; Harvey et al., 1988) . In summary, increasing dietary Ca from a p proximately 75% (.3% Ca) to 150% (.6% Ca) of the NRC (1984) recommended requirement increased gain and feed efficiency of growing steers. Lysocellin produced no benefit at .3% Ca, but gain and feed efficiency were improved (P < .lo) when lysocellin was fed with 5% Ca. Results of this study indicate that dietary Ca may affect response to lysocellin in growing cattle.
Additional studies with various Ca levels are warranted.
